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Introduction

Methodology
Snake envenomation poses a significant public health concern, yet the mechanisms of venom-induced morbidity

remain poorly studied. While current antivenom therapies neutralize lethal effects, they often fail to address local
tissue damage and persistent inflammation. This study investigates the innate immune response to cobra venom by
comparing its inflammatory effects to those of lipopolysaccharide (LPS), a well-characterized bacterial endotoxin.
We analyzed how crude venoms from Naja melanoleuca and Naja kaouthia, and purified α-cobratoxin from N.
kaouthia modulate the immune response in human monocyte-derived macrophages (MDMs), obtained after
differentiation of the U937 cell line. Cell viability was first assessed after 24 h of treatment using the Cell-Titer
Blue assay. After determining the IC50, non-cytotoxic concentrations were used to evaluate cell activation. At 1 h, 3
h, 6 h and 24 h post-treatment, cell supernatants were collected and the main cytokines (tumor necrosis factor-alpha,
TNF-α,interleukin-6, IL-6, interleukin-8, IL-8, and interleukin-10, IL-10) were measured using enzyme-linked
immunosorbent assay (ELISA). Our results showed that N. melanoleuca venom caused the highest cytotoxicity and
elicited a strong pro-inflammatory response, with cytokine release levels comparable to LPS-treated cells. In
contrast, N. kaouthia venom and α-cobratoxin triggered only mild to low inflammatory responses. These findings
reveal both shared and toxin-specific immune signatures, advancing our understanding of the immunomodulatory
potential of cobra venoms. Uncovering these mechanisms may contribute to the development of improved
treatments for venom-induced inflammation.
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• Naja melanoleuca venom induced the most significant cytotoxicity among all treatments in human
macrophages, with and IC50 of 24.4 μg/mL.

• N. melanoleuca venom induced a strong pro-inflammatory immune response, promoting the release of
TNF-α, IL-6, and IL-8, suggesting it shares similar immune activation patterns with LPS.

• In contrast, Naja kaouthia venom and α-cobratoxin triggered only moderate to minimal immune
responses, indicating potential differences in venom-related immune-modulating mechanisms.

• Our results highlight that venomous snakes belonging to the same genus can produce distinct
inflammatory signatures, emphasizing the need for detailed venom characterization.

• Understanding these unique immune profiles not only provides insights into the pathophysiology of
snake envenomation but may also contribute to the development of targeted therapies for venom-induced
inflammation.
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Figure 3. Effect of cobra venoms and toxins on cell viability. A) Inhibition of cell viability
on U937 MDM cells treated for 24 h with various concentrations of N. melanoleuca whole
venom, N. kaouthia whole venom and α-cobratoxin were tested using Cell-titer blue assay.
Results were expressed as the percentage of inhibition of cell viability relative to the negative
control of cells treated with PBS. B) PBS: Negative control, cells treated with vehicle only. C)
LPS: Cells treated with 0.25 μg/mL lipopolysaccharide. D) Inhibitory concentration 50 ( IC50)
of the three treatments for U937-MDM cells.

Snakebite envenomation is a major yet under-
researched public health issue, especially in tropical
areas where access to antivenom care is limited1

(Fig.1). While antivenom neutralizes circulating toxins,
it often fails to resolve local tissue damage and long-
term inflammation2. This project explores early
immune responses triggered by cobra venom in
comparison to lipopolysaccharide (LPS), a well-studied
bacterial endotoxin commonly used as a pro-
inflammatory control3. By comparing how crude
venom from Naja melanoleuca and Naja kaouthia (Fig.
2), as well as purified α-cobratoxin—the main
neurotoxin found in N. kaouthia venom—affect
cytokine production in human-derived macrophages,
we aim to better understand the inflammatory
mechanisms behind venom-induced immune
activation. Understanding these processes may help
identify why snakebites cause prolonged damage even
after antivenom is administered. This research is
critical because studying the effects of cobra venoms
provides insight into the immunopathology of
envenomation and can guide future therapeutic
strategies4,5.
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Figure 4. Release of cytokines on U937- MDM. Cells were treated for 1 h, 3 h, 6 h, and 24 h
with non-cytotoxic concentrations of N. melanoleuca whole venom, N. kaouthia whole venom,
and α-cobratoxin. Supernatants were collected and the main pro-inflammatory cytokines TNF-α
(A), IL-6 (B) and IL-8 (C) , and the anti-inflammatory cytokine IL-10 (D) were determined
using ELISA commercial kits. Cytokine release was expressed as pg/mL. Positive control: LPS
(lipopolysaccharide). Negative control: untreated cells. *p < 0.05 vs. negative control of cells
treated with the vehicle only; Τp< 0.05 vs. positive control of cells treated with LPS.

Figure 2. A) Venom composition and image of Naja
melanoleuca (Forest cobra). B) Venom composition and image
of Naja kaouthia (Monocled cobra).
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Figure 1. Map of estimated annual snakebite deaths with the 
highest rates occurring in sub-Saharan Africa and South Asia.
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